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Introduction

42
Studies investigating the neuro-protective effects of foods and beverages containing 43 flavonoids suggest that they may lead to benefits for memory and learning by improving 44 neuronal functioning and promoting neuronal protection and regeneration (1) . In rodents, . These are important findings since increased expression of BDNF is 50 associated with benefits for cognitive function in humans such as slower onset of 51 Alzheimer's disease (4) . This supports the presence of mechanistic pathways by which citrus rich fruits and vegetables, for reviews see (6, 7) . For example, improved memory function in 57 older adults with mild cognitive impairment (MCI) has been observed following daily 58 consumption of concord grape juice (CGJ) for twelve weeks (8) and sixteen weeks (9) . Of 59 particular relevance here is a recent finding that eight weeks daily consumption of flavanone-60 rich orange juice was associated with improvements in executive function and episodic 61 memory in healthy older adults aged 60-81 years (10) . This indicates that consumption of fruit 62 juices which contain flavanones as the predominant flavonoid may lead to benefits for the 63 human brain, even in healthy adults.
64
Neuro-imaging studies in young human adults have demonstrated that consumption of 65 flavanol-rich cocoa can acutely enhance peripheral and cerebral blood flow (CBF) (11, 12) .
66
Furthermore, promising associations have been observed between increased neuronal activity 67 and behavioural benefits following chronic flavanol-rich cocoa supplementation. Enhanced to a low flavanol control (13) . 
Experimental Methods
99
Different participants were recruited for the behavioural cognitive arm (n=28) and the ASL 100 imaging arm (n=16) of the study (see Table 1 ), however, inclusion and exclusion criteria 101 were identical for both arms. Participants were not permitted to take part in both arms. ranging from nine to twenty one (8, 9, 15) and improvements in CBF following cocoa flavanols in 127 sixteen young adults (12) .
128
[ were required to identify the orientation of a horseshoe symbol using the numbers 1-9 on the Go-NoGo is a computerised task assessing inhibition and sustained attention. The present 253 version was adapted from the Go-NoGo paradigm (22) . Participants were required to respond 254 to sixty stimuli using one of three specified keyboard keys; 'p' 'q' or 'space bar'. The stimuli
255
consisted of X, Y or a number 'lure'. Initially, there was a 25 stimuli 'Pre-Potent Go' phase.
256
During the Pre-Potent Go phase, X and Y were presented alternately, with the participant 257 required to press 'q' when X appeared and 'p' when Y appeared. The X and Y were known 258 as the 'Go' trials. The Go-NoGo phase followed the Pre-Potent Go phase. During the Go-
259
NoGo phase, the 'Go' trials were interspersed with 'NoGo' trials; these appeared as numbers white dot on the screen. Each trial commenced with a fixation cross followed by presentation 267 of a white dot for 50ms in a random location. 
Results
320
[ Figure 1 here] other cognitive tests (see Table 2 ).
337
[ reduced at two hours relative to baseline (see Table 2 ). To further explore the main effect of , however, behavioural tasks were not assessed.
386
Studies of neural activation following chronic daily consumption of fruit based flavonoids weeks can lead to increased flow mediated dilation and endothelial nitric oxide synthesis (29) .
405
This is pertinent to the present findings given that hesperidin was the predominant flavanone 406 within the flavanone-rich citrus juice.
407
Research is required to directly examine the relationship between flavonoid consumption, however, no effects were observed for cognitive function (30) . Kean et al. [10] reported global 
